There have been many subsample preparation practices proposed to reduce sources of error in analyses of crude oils. Optimal subsample preparation allows keeping the degree of representativity of the final aliquot going into the laboratory analyzer. The objective of this work was to discuss some experiences in order to understand the importance of sampling practices to obtain representative subsamples of crude oils and petroleum products, and measurements with minimized uncertainty whenever possible. Specific practices, whose effectiveness was tested by experiments, are discussed in this work. The analysis of variance showed that the subsamples should not be used in vapor pressure tests unless in case of interlaboratory crosscheck, and have to be considered as the first test from the bottle subsample. Sometimes long periods of crude oils samples storage are necessary for a complete evaluation, but because of the effect of this storage time it was observed a trend in the reducing of acidity and sulfur content.
INTRODUCTION
The practices of taking a subsample are not easy processes. The goal of the sampling practices is to extract a subsample with the same properties of the primary sample. The subsample is necessary for representative volume reduction of the primary sample into some manageable aliquots for different laboratories to perform the analysis required.
Studies on subsamples have shown that sampling preparation is the major source of error and variation on measurements because of inadequate storage temperature of the primary sample, excessive manipulation of the subsamples, excessive storage time, sharing of the same subsample by incompatible analysis and heterogeneity.
Preservation and petroleum homogenization are the minimum requirements to control physical and chemical properties of the petroleum samples. The degree of alteration of petroleum samples seems to be higher at higher stock temperatures when characterization depends on light hydrocarbons, and at lower stock temperatures when characterization depends on cold measurements.
REVIEW ON SUBSAMPLING AND STORAGE THEORY
In order to minimize the physical and chemical alterations and microbial degradation of petroleum, analysis should be performed immediately after the subsamples preparation (Esbensen et al., 2007). The subsample preparation practices may help minimizing alteration issues, for instance: by controlling the temperature at specific levels in order to fix light hydrocarbons into the liquid or to fluidize heavy samples; by storing the sample for the minimum time, in the absence of light; by eliminating air headspace in the sample containers; by using special containers for each group of characterization parameters (Bennett et al., 2007).
Good practices for laboratory general sampling and storage
Tanks and vessels may contain ballast water and 
Good laboratory practices for light crude oil sampling and storage
An important step to obtain a subsample to be used in characterization related with light components of a crude oil is to store the primary sample below 0 °C during 24 hours before transferring it into the secondary one. This step reduces the loss of light hydrocarbons (Cañipa et al., 2003; Mango, 1997).
However, when the subsample is required to measure the fluidity of crude oils, it is important to minimize the possibility of frozen storage due to its impact on the flow characteristics of crude oils. Alternatively, primary sample preservation should be performed under less severe conditions, specially the time of sample storage. Therefore, it is necessary to receive more than two primary containers from the same primary sample.
Another approach is to obtain subsamples with different levels of filling into the container. For example, subsamples destined to vapor pressure and total sulfur measurements should account for 75 % and total filling of the container, respectively. The subsample to be analyzed on vapor pressure requires standard air headspace, while the subsample to be tested on total sulfur requires minimum air headspace (Montemayor, 2008).
Good laboratory practices for heavy crude oil sampling and storage
An important step to obtain subsample of heavy crude oil, for use in flow characteristics analysis, is to keep the primary sample at 50 °C and mix it before transferring the primary sample into the secondary one. An example to stir the sample in its recipient is by using a magnetic stirring bar for single-use, to avoid cross-contamination. This step contributes to ensure adequate fluidity during the sample transfer and to keep the homogeneity of the sample (Coutinho et al., 2001 ).
Another approach is to store homogeneous subsamples obtained from primary heavy crude oil during a long time in order to study them continuously. Sometimes these old subsamples may show wax formation and asphaltenes precipitation when the room temperature changes. It is known that, as the temperature decreases, the amount of precipitation increases (EPA, 2008; Riazi and Al-Sahhaf, 1996). So it is a good practice to keep the heavy crude oil at room temperature when stored, to minimize these undesirable precipitations.
Wax and asphaltenes usually exist in heavier crude oils where the amount of vapor produced in equilibrium with liquids is small. So the mechanism of their precipitation is based on the solid-liquid equilibrium, considering petroleum as a mixture of three species: asphaltenes (polar), resins (polar) and oils (non-polar) with some water presence 
Good laboratory practices using special containers in distinct characterization analyses
An important type of recipient used to analyze trace water in crude oils is a glass bottle whose lid has a septum and a moisture-tight seal to protect the content of the bottle from the atmosphere. The best septum, in this case, is the one in which rubber closes after piercing with a needle.
The accurate determination of trace metal concentrations in crude oil is very important for its proper characterization. So a chemically resistant recipient is necessary to collect the crude oil sample in trace metals research. A glass bottle may stand acid treatment, but this procedure is timeconsuming and prone to contamination in some steps. Metallic recipients with internal epoxy coating are another alternative, but in this case no damage could happen with the material causing the exposure of the metal wall. Besides, when it is necessary to prepare subsamples to send to different laboratories (X-ray fluorescence spectrometry and atomic emission spectrometry, for example) the transfer tube should be made of an inert material. The best and most expensive option to store crude oils and to reuse it for trace metal analysis is to use a new recipient made of high-density polyethylene with an inert stopper under the cover. By doing so, there would be no interaction between the aggressive compounds in the sample and the internal container -whose material, on the other hand, could contaminate the sample -, thereby keeping sample integrity.
MATERIALS AND METHODS
In the following case it is possible to highlight that conditions of temperature during storage have a significant effect on physical and chemical properties involving equilibrium of gases and liquids in light crude oils.
Sample collection
For this work, the crude oil samples were acquired from storage tanks of a Brazilian petroleum company. In June 2008, two 1000-mL glass bottles and seven 40-L flasks with the samples were collected from de same tank containing a 27.0 °API crude oil. The two bottled samples were taken to the laboratory in order to perform tests immediately. Six metallic containers (opaque) and one polymeric container (translucent) were used to store the crude oil. The capacities of the metallic and polymeric containers were five liters and ten liters, respectively. The metallic containers had a rubber ring under the cover in order to hold the light hydrocarbons inside. The polymeric container had a simple plug under the cover.
Sample storage and subsampling
The six metallic containers, filled with the primary sample, were arranged in pairs: two metallic containers were stored below 20 ± 2 °C in an acclimated cabinet; two metallic containers were stored at room temperature under the sun; and two metallic containers were stored at room temperature in the shadow. The polymeric container, filled with the primary sample, was stored at room temperature under the sun. The place selected to store the containers at room temperature was an open cabinet whose door was provided with a canvas. As a result, some containers were directly exposed to the sun (heat and light). 
RESULTS AND DISCUSSIONS
The experiments helped to evaluate the subsampling quality and storage conditions covering a short period of time by the comparative values of physical and chemical properties. This study is an example of the preferential loss of lowboiling constituents by their escape through the recipient cover under bad storage conditions. In general, the variability of the subsample-tosubsample analysis would be greater after storage than before (Giles, 2002) . In order to minimize this effect, the primary samples were frozen and mixed thoroughly before obtaining a subsample.
Comparison of measurements in fresh
and stored samples
Results of Reid vapor pressure (PVR)
All individual results of PVR (ranging from 53.6 to 43.2 kPa) presented lower values, when compared with the reference value (56.2 kPa), which was determined for a fresh sample from a glass bottle as soon as received in the laboratory, after collection together with a primary sample. This suggests that the practice of preparing subsamples for this test was not effective even though the primary sample preparation had been performed under low temperature (0 °C for 24 h), using a glass bottle swiftly. The extreme sensitivity of vapor pressure measurements to losses through evaporation and the resulting changes in composition are such that this test must be the first one to be performed from the bottle sample (Montemayor, 2008).
Results of sulfur content
All individual results of sulfur content (ranging from 0.464 % to 0.439 % in mass) presented higher values compared with the reference value (0.421 % in mass), whose measurement was done on a fresh sample from a glass bottle as soon as received in the laboratory, after collection with the primary sample. Similarly, the variability in the sulfur analyses has more likely resulted from the poor reproducibility of the ultraviolet fluorescence method [12.67 % of change, according to ASTM D 5453 (2008) for sulfur determinations], rather than from true changes in the composition of the primary sample (Riazi, 1999). Figure 1 shows that a few acidity data, selected in the dot plot by the ellipse, were close to the reference value (0.70 mgKOH.g -1 ) by less than 5 % of change. Likewise, the reference value was measured for a fresh sample from a glass bottle as soon as received in the laboratory, after collection with the primary sample. These individual results were considered significant because they are in accordance with the largest acceptable difference of 5 % between each individual value and the 
Results of acidity

Results of the study on inadequate temperature and containers in the storage process
A comparative study of the physical and chemical properties of light crude oil during a period of nine weeks revealed that the alteration processes that occur during sample storage modify the composition of petroleum by losing the light fractions.
After the analyses of the physical and chemical properties of the subsamples and the statistic data presented, it was possible to observe that two of the physical and chemical measurements investigated, namely acidity and sulfur content, were generally little affected by the inadequate temperature of storage because they have no direct relation with the light fractions. On the other hand, this work showed that vapor pressure is the physical and chemical measurement most affected by the inadequate temperature of storage.
The analysis of variance (frequently abbreviated as ANOVA) was the technique selected for comparing the means, in order to test whether they differ significantly and estimate causes of variation (Miller and Miller, 2000) . Table 1 summarizes the results obtained for vapor pressure under different storage conditions and different storage times. Since the calculated values (F) are greater than the critical value of F (1-tailed, p = 0.05) for both controlled factors, then it is possible to say that there is some difference between the mechanism of storage and the storage time.
Results of vapor pressure
Also, it must be pointed out that the variances fell into two distinct groups: subsamples under room temperature and under the sun. Although the investigation occurred in winter, it was possible to register the loss of volatile fractions from this 27.0 °API crude oil. Figure 2 shows the dot-plot comparing the results obtained from the PVR test considering the different storage time. Analyzing the dot-plot, it indicates that the averages obtained for the seventh week may differ from the others. All results from the seventh week are lower than the results for the fourth and ninth weeks, with the same type of recipient and storage conditions. The reason for this was the use of the first metallic recipient twice. The second metallic recipient was used for the first time in the ninth week and showed higher results when compared with the results of the seventh week. Thus, the properties of the original sample stored for a long time, in a metallic recipient, were close to the one submitted to the initial analysis. Figure 3 shows the dot-plot comparing the results obtained from the PVR test considering the different types of recipients and storage conditions. Number "1" refers to a metallic recipient in the climatic cabinet; "2" refers to a metallic recipient in the shadow; "3" is a metallic recipient under the sun; and "4" means a plastic recipient under the sun. Analysis of the results indicates that the plastic recipient generates the lowest values per period, probably because of the escape of light hydrocarbons through the plastic cover during the long storage. From table 2, the computed F value is lower than 1, so it is not possible to say whether there are significant differences in sulfur content in terms of storage times and conditions for this crude oil. However, if the crude oil was lighter than the one selected in this study, it is possible to expect some loss of hydrogen sulfide when storage is made under the sun, and then the sulfur content would be reduced with the storage time. This information is important to evaluate when the storage conditions changed the crude oil characteristics in study.
Results of sulfur content
Analyzing the ANOVA data presented in Table 2 , it should be noted that the averages of sulfur content (0.454 and 0.464 % in mass) are an average of the values taken in cold temperatures. A second distinct group of averages (4.39 and 4.40 % in mass) is noted when the storage was made under the sun. In addition, Figure 4 shows the trend Table 3 summarizes the results obtained for acidity under different storage conditions and different storage times. It is seen that the computed F value is lower than 1 for the storage conditions used, including types of recipients, so it is not possible to say whether the acidity values differ significantly in these storage conditions applied to this crude oil. However, the calculated F value is greater than the tabulated F value for the variation of storage time, so there is a significant influence of the storage time on the acidity of this crude oil (27.0 °API).
Results of acidity
Finally, Figure 5 illustrates that the individual acidity results present a decreasing trend when the source of variation is the storage time (weeks) before testing.
CONCLUSIONS
The impact of the type of recipient and the storage time on the physical and chemical quality of a stored crude oil (27 °API) was reviewed. Twoway analysis of variance was a good tool to separate and estimate the causes of variation when comparing the results of physical and chemical parameters for crude oil samples under different storage conditions along nine weeks of storage.
The analysis of variance showed that the subsamples should not be used in vapor pressure tests unless in case of interlaboratory crosscheck, and have to be considered as the first test from the ) for different storage times. bottle subsample. This conclusion considering the use of subsamples in interlaboratory crosscheck is supported by the fact that excellent results were obtained four and seven weeks after sample collection, provided that it is kept in a metallic recipient in the shadow (low temperatures during winter) and without previous manipulation. It is known that good practices for PVR assays determine that samples be tested within one hour after collection.
Another approach is related to storage time. Sometimes, long periods of crude oil samples storage are necessary for a complete evaluation, but there is a slight trend for lowering some parameters, like acidity and sulfur content. Therefore, subsequent analyses of this kind of sample storage require adequate criteria for comparison.
Alternative sample containers have also been verified, indicating the importance of using different types of materials, according to the characteristic group in study.
